INTRODUCTION
In the past decades, honeycomb sandwich panel gains popular attentions in ________________________ perfect energy absorption properties [1] [2] . A good deal of research works were conducted on the topic of static, dynamic compression [3] [4] . Crashworthiness as well as resistance has been understood by means of theoretical [5] , numerical [6] and experimental investigation [7] . With the extension of analyses, a new rising topic on the filler or other type of material to enhance the sandwich structure, such as the filled structure, stresses the parent material and loading strain-rate effect [8] . Among of them, air inside the honeycomb core cell enhancing the strength has attracted so much attention in recent years.
On this new topic, there has been some constructive works up to now. Gibson and Ashby proposed a method of evaluating the strength enhancement due to the increase in the air pressure of the foam material [1] . Xu et al. not only studied strength enhancement result from the entrapped air inside hexagonal honeycomb structural cells but also the ejectment velocity [9] , which closely depending on the strain and strain rate. Their research provides significant reference for learning the effect of inside air.
In this study, air ejectment from the sandwich panel honeycomb core was studied by means of theoretical derivation and numerical simulation with CFD, in terms of compression velocity and open rate of cell. Based on the numerical simulation results, the relationship between air ejectment velocity and compression velocity as well as open rate is explored.
THEORETICAL DERIVATION
According to the finding in literature [10] , assuming the change of volume of honeycomb cells can be ignored, in the thermal buckling process, the air ejectment with the crush can be defined as
Where i P is the initial pressure (atmospheric pressure) and x P represents the pressure when the compression reaches a certain value, x, along the impact direction; i V represents the initial volume of honeycomb cell and x V is the volume at x. Therefore, i V and x V can be defined by
, where i L stands for the initial height of honeycomb cell and i S is the initial cross-sectional area;
x L is the height of the honeycomb cell at x;  is the strain at x. Hence,  can be calculated as
In Eq. (2),  and  are both function of compressing time t [5] . Thus differentiate Eq. (2) with respect to t, the rate of  can be obtained as
Where
. It can be seen from Eq.(3) that air ejectment velocity and pressure are both related to the strain rate.
, Eq. (3) can be re-written as
It can also be organized as
To simplify, the air ejectment has been assumed to be uniform, as assumed by in literature [10] . Since the strain rate is constant, Eq. (5) is a first-order linear differential equation in the form of 
As indicated in Eq. (7), it has the same pattern with Eq.(2), (rewritten as
). Comparing it with Eq.(7),  can be obtained. The change of pressure P  during the crush is
In Eq. (8), the only unknown parameter to be determined is   , which can be fitted by experimental results. Stresses for two honeycomb specimens, one with an open rate,  (i.e. area of the hole divided by area of the upper surface of the cell), of 100% and one<100% at the same strain rate, will have the following relationship [9] :
By selecting a proper   value to obtain P  in Eq. (8), the stress-strain curves for the former two tests will be coincident. At this situation,   is the air ejectment velocity in case of open rate  <100%.
AIR EJECTMENT UNDER DIFFERENT COMPRESSION VELOCITIES
In order to study the air ejectment, in this study, velocity monitor point in the center of the hole was set on the upper face of hexagonal honeycomb cell, as shown in Fig. 1. Fig. 2 illustrates the law of the air ejectment under compression, in terms of 0.02m/s, 0.03m/s and 0.05m/s with the open rate of 5%. Table I shows the corresponding maximum air ejectment velocity for each compression velocity as below. It can be observed that air ejectment grows rapidly in the early deformation. After that it keeps stable, only a slight increment achieved. The maximum air ejectment is significantly affected by the loading rate. The maximum air ejectment increases by about 0.3 m/s for every 0.01 m/s. I.e., when the compression velocity increases from 0.02m/s to 0.03m/s, the compression velocity increases by 0.01m/s, the maximum air ejectment velocity increases by about 0.3m/s, from 0.637m/s to 0.952m/s. Fig. 3 reveals the law of air ejectment with cases of 5%, 10%, 15%, respectively. And the compression velocity is set to 0.02 m/s. In Fig. 3 , similarly, air ejectment velocity grows rapidly in the early deformation, after that air ejectment is basically stable, only a slight increment. And it decreases with the increasing of open rate. The corresponding maximum air ejectment is shown in Table II . 
AIR EJECTMENT UNDER DIFFERENT OPEN RATE

CONCLUSION
It has been found that with the same open rate, air ejectment increases as the increasing of compression velocity, approximately linearly. Meanwhile, at the same loading case, the air ejectment velocity decreases as the increasing of open rate. The present attempt provides evidence for the strength enhancement caused by the entrapped air in the dynamic crushing of honeycombs.
